Joint channel estimation and multi-user detection for SDMA/OFDM based on dual repeated weighted boosting search by Zhang, Jiankang et al.
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Fig. 1. Uplink system model for Multi-user MIMO SDMA/OFDM
are offered in Section V.
II. SYSTEM MODEL
The multi-user MIMO OFDM/SDMA system considered
supports U MSs simultaneously transmitting in the UL to the
BS, as seen in Fig. 1. Each of the users is equipped with a
single transmit antenna, while the BS employs an array of P
antennas. It is assumed that a Time Division Multiple Access
(TDMA) protocol organizes the division of the available Time-
Domain (TD) resources into OFDM/SDMA Time Slots (TS).
Instead of one, U MSs are assigned to each slot that are
allowed to simultaneously transmit their streams of OFDM
modulated symbols to the SDMA BS [2, 3].
More specially, all of the U MSs transmit independent data
streams, which are encoded by a user-speciﬁc FEC encoder, as
illustrated in Fig. 1. The information bits output by the FEC
encoder are grouped and mapped to a stream of modulated
data symbols. The modulated data X(u)[k],k = 1,2,    ,K
of Fig. 1 are then Serial to Parallel (S/P) converted and the
Frequency-Domain (FD) training symbols are concatenated
at the begining of each frame. The parallel modulated data
are further processed by the Inverse Fast Fourier Transform
(IFFT) to form a set of OFDM symbols. After concatenating
the Cyclic Preﬁx (CP) of Ncp samples, the TD signal is trans-
mitted through a multipath fading channel and contaminated
by the receiver’s Additive White Gaussian Noise (AWGN).
At the BS, the CP is discarded from every OFDM symbol
and the resultant signal is fed into the corresponding Fast
Fourier Transform (FFT) based receiver of Fig. 1. Let Yp[s,k]
denote the signal received by the p-th receiver antenna element
in the k-th subcarrier of the s-th OFDM symbol, which is
given as the superposition of the different users’ channel-
impaired received signal contributions plus the AWGN, ex-
pressed as [3]:
Yp[s,k] =
U  
u=1
Hu
p[s,k]Xu[s,k] + Wp[s,k], (1)
where Hu
p[s,k] denotes the frequency domain channel transfer
factors (FD-CHTFs) of the link between the u-th user and the
p-th receiver antenna in the k-th subcarrier of the s-th OFDM
symbol.
As a beneﬁt of the cyclic preﬁx, the SDMA/OFDM symbols
do not overlap and hence SDMA processing can be applied
on a per-carrier basis, as depicted in Fig. 1. Each SDMA
subcarrier’s signal may be described as [2],
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where ˆ Hu
p[s,k],u = 1,    ,U,p = 1,    ,P, is the estimated
value of the FD-CHTF. Various algorithmic alternatives for
this generic SDMA detector are available, which cover a wide
range of performance versus complexity trade-offs, such as
those represented by the MMSE OFDM/SDMA, per-carrier
Successive Interference Cancellation (pcSIC) OFDM/SDMA
and ML OFDM/SDMA [2]. In the following section, we
outline our DRWBS-JCEMUD scheme designed for multi-user
MIMO OFDM/SDMA systems.
III. THE DRWBS-JCEMUD SCHEME PROPOSED FOR
MULTI-USER MIMO OFDM/SDMA SYSTEMS
The Repeated Weighted Boosting Search (RWBS) [14]
constitutes a guided random search based global optimization
algorithm. The basic philosophyof the RWBS algorithm is that
by commencing from a search-pool of the potential solutions
which was initially randomly chosen, the algorithm continues
by replacing the ’lowest-quality’ solutions of the population
with the “best” potential solutions generated by diverse nature-
inspired combinations/mutations of the candidate solutions in
the pool, until the process converges. The weighting of the
candidate-solutions used in creating their convex combinations
is appropriately controlled, in order to reﬂect the “ﬁtness” of
the corresponding potential solutions. This process is repeated
a number of times or for numerous “generations” in order
to improve the probability of ﬁnding the globally optimal
solution. However, the classic weighting operation is unable
to simultaneously reﬂect the “ﬁtness” of both the channel
and data estimate. In order to circumvent this problem, we
proposed the DRWBS-JCEMUD scheme, which alternately
estimates the channel and the users’ data and mutually ex-
changes these estimates between both populations in order to
ﬁnd the joint optimum.
The proposed DRWBS-JCEMUD scheme is illustrated in
Fig. 2 and the the ﬂowchart for the RWBS algorithm is further
illustrated in Fig. 3. We assume that the ﬁrst two OFDM
symbols of all the U users are completely ﬁlled by known pilot
symbols using the optimum training sequences of [15]. These